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OPTICAL SENDER, TERMINAL DEVICE, AND OPTICAL 
COMMUNICATION SYSTEM EACH HAVING THE OPTICAL SENDER 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to 
prevention of interchannel crosstalk in wavelength 
division multiplexing (WDM) , and more particularly to an 
optical sender, terminal device, and optical 
communication system each having the optical sender 
suitable for application to WDM. 
Description of the Related Art 

Known as a terminal device for WDM using a 
plurality of wavelength channels is a terminal device 
including a plurality of optical senders for outputting 
optical signals having different wavelengths and an 
optical multiplexer for wavelength division multiplexing 
the optical signals output from the optical senders to 
output WDM signal light. The WDM signal light is 
transmitted through an optical fiber transmission line to 
another terminal device. By applying such WDM using a 
plurality of wavelength channels, a large-capacity 
optical fiber communication system can be provided. 

In an optical fiber communication system adopting 



WDM, the number of wavelength channels includable in a 
given wavelength band can be increased by reducing the 
spacing between adjacent wavelength channels. To achieve 
a larger capacity of the WDM system, a reduction in 
interchannel crosstalk is therefore required. 

Each optical sender includes a light source for 
generating an optical signal per channel. In general, 
the light source is a laser diode for direct modulation 
or indirect modulation. The oscillation wavelength of 
the laser diode is determined by its temperature and 
drive current. 

Due to the characteristics of the laser diode as 
mentioned above, the wavelength of an optical signal to 
be output from each optical sender tends to be unstable. 
For example, in starting up or shutting down the system 
or in the case of a trouble in relation to temperature 
control or the like performed in each optical sender, 
there is a possibility that the wavelength of the optical 
signal may be deviated from a target wavelength assigned 
to the corresponding channel, causing the occurrence of 
interchannel crosstalk. The interchannel crosstalk 
creates a problem that transmitted data cannot be 
accurately demodulated in a terminal device for receiving 
WDM signal light. 



To prevent the interchannel crosstalk, additional 
provision of an optical bandpass filter in each optical 
sender may be proposed. The optical bandpass filter has 
a passband including the wavelength of the corresponding 
channel and excluding the wavelengths of the other 
channels. Accordingly, even when the wavelength of the 
optical signal is deviated from the target wavelength 
assigned to the corresponding channel, the crosstalk to 
the other channels can be prevented. 

However, the additional provision of the optical 
bandpass filter in each optical sender makes complicated 
the configuration of a terminal device for transmission 
and invites a cost increase. Furthermore, the power of 
the optical signal obtained is reduced by insertion loss 
due to the optical bandpass filter. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present 
invention to provide an optical sender which can prevent 
interchannel crosstalk in WDM without using an optical 
bandpass filter. 

It is another object of the present invention to 
provide a terminal device which can prevent interchannel 
crosstalk in WDM without using an optical bandpass filter. 



It is a further object of the present invention 
to provide an optical communication system which can 
prevent interchannel crosstalk in WDM without using an 
optical bandpass filter. 

In accordance with an aspect of the present 
invention, there is provided an optical sender comprising 
a light source for outputting a light beam; an optical 
modulator for modulating said light beam in accordance 
with a main signal to output an optical signal; and means 
for shutting down said optical signal when receiving at 
least one of a power alarm relating to on/off of power 
supply and a wavelength alarm relating to the wavelength 
of said light beam. 

With this configuration, the optical signal is 
shut down according to at least one of the power alarm 
and the wavelength alarm. Accordingly, in starting up or 
shutting down a system including the optical sender or in 
the case of a trouble in relation to temperature control 
or the like performed in the optical sender, an optical 
signal whose wavelength is deviated from a predetermined 
range can be prevented from being output from the optical 
sender. In other words, when the optical sender outputs 
an optical signal, the wavelength of the optical signal 
is maintained within the predetermined range. 



Accordingly, by configuring each of plural optical 
senders included in a terminal device in accordance with 
the present invention, interchannel crosstalk in WDM can 
be prevented without using an optical bandpass filter. 

in accordance with another aspect of the present 
invention, there is provided a terminal device for WDM, 
This terminal device comprises a plurality of optical 
senders for outputting optical signals having different 
wavelengths and an optical multiplexer for receiving the 
optical signals output from the optical senders to output 
WDM signal light. Each of the optical senders is an 
optical sender according to the present invention. 

In accordance with a further aspect of the 
present invention, there is provided an optical 
communication system for WDM. This system comprises 
first and second terminal devices and an optical fiber 
transmission line for connecting the first and second 
terminal devices. At least one of the first and second 
terminal devices is a terminal device according to the 
present invention ♦ 

The above and other objects, features and 
advantages of the present invention and the manner of 
realizing them will become more apparent, and the invention 
itself will best be understood from a study of the 
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following description and appended claims with reference to 
the attached drawings showing some preferred embodiments of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG • 1 is a block diagram of an optical fiber 
communication system to which the present invention is 
applicable; 

FIGS . 2A and 2B are schematics for illustrating 
the occurrence of interchannel crosstalk in WDM 
(wavelength division multiplexing) ; 

FIG, 3 is a block diagram of a conventional 
optical sender; 

FIG, 4A is a graph showing a relation between 
output wavelength and drive current of a laser diode, and 
FIG. 4B is a graph showing a relation between output 
wavelength and temperature of a laser diode; 

FIG, 5 is a block diagram showing a basic 
configuration of the optical sender according to the 
present invention; 

FIG, 6 is a block diagram showing another basic 
configuration of the optical sender according to the 
present invention; 
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FIG. 7 is a timing chart in starting up the system; 
FIG. 8 is a timing chart in the case of wavelength 

anomaly; 

FIG. 9 is a timing chart in shutting down the 

system; 

FIG. 10 is a block diagram showing a modification 
of the optical sender shown in FIG. 5; 

FIG. 11 is a block diagram showing another 
modification of the optical sender shown in FIG. 5; 

FIG. 12 is a block diagram showing a modification 
of the optical sender shown in FIG. 6; 

FIGS. 13A and 13B are block diagrams showing 
first and second preferred embodiments of a control unit 
4 6 shown in FIG. 5, respectively; 

FIG. 14 is a graphic illustration of an operating 
characteristic of a Mach-Zehnder type lithium niobate 
modulator; 

FIGS. 15A to 15D are graphs for illustrating the 
operation in the preferred embodiment shown in FIG. 13B; 

FIG. 16A is a block diagram showing a third 
preferred embodiment of the control unit 4 6 shown in FIG. 
5, and FIG. 16B is a graph showing a characteristic 
thereof; 

FIGS. 17A and 17B are block diagrams showing 
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fourth and fifth preferred embodiments of the control 
unit 4 6 shown in FIG. 5, respectively; 

FIG, 18 is a graphic illustration of 
characteristics of an electroabsorption type modulator; 

FIG. 19A is a block diagram showing a sixth 
preferred embodiment of the control unit 4 6 shown in FIG. 
5, and FIG . 19B is a graph showing a characteristic 
thereof; 

FIGS. 20A and 20B are block diagrams showing 
first and second preferred embodiments of a control unit 
46 T shown in FIG. 6, respectively; 

FIG. 21 is a block diagram showing a third 
preferred embodiment of the control unit 46 T shown in 
FIG. 6; 

FIGS. 22A and 22B are block diagrams showing 
fourth and fifth preferred embodiments of the control 
unit 46' shown in FIG. 6, respectively; 

FIG. 23 is a block diagram showing a first 
preferred embodiment of the optical sender according to 
the present invention; and 

FIG. 24 is a block diagram showing a second 
preferred embodiment of the optical sender according to 
the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Some preferred embodiments of the present 
invention will now be described in detail with reference 
to the attached drawings. Throughout the drawings, 
substantially the same parts are denoted by the same 
reference numerals. 

FIG. 1 is a block diagram of an optical fiber 
communication system to which the present invention is 
applicable. This system includes a first terminal device 
2 for outputting WDM signal light, an optical fiber 
transmission line 4 for transmitting the WDM signal light 
output from the terminal device 2, and a second terminal 
device 6 for receiving the WDM signal light transmitted 
by the transmission line 4. 

The first terminal device 2 includes a plurality 
of optical senders (OS) 12 (#1 to #N) and an optical 
multiplexer (MUX) 14. The optical senders 12 (#1 to #N) 
are respectively connected to a plurality of input ports 
of the optical multiplexer 14. An output port of the 
optical multiplexer 14 is connected to the optical fiber 
transmission line 4. The optical multiplexer 14 
functions to wavelength division multiplex a plurality of 
input optical signals and output resultant WDM signal 
light. 
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A plurality of optical repeaters 8 are arranged 
along the optical fiber transmission line 4 to compensate 
for attenuation of the WDM signal light in the optical 
fiber transmission line 4. Each optical repeater 8 has 
an optical amplifier 10 for amplifying the WDM signal 
light. The optical amplifier 10 may be configured of an 
optical amplifying medium for receiving the WDM signal 
light and means for pumping the optical amplifying medium 
so that the optical amplifying medium provides a gain 
band including the band of the WDM signal light. 

As the optical amplifying medium, a doped fiber 
doped with a rare earth element may be used. In this 
case, the pumping means includes a pumping source for 
outputting pump light having a predetermined wavelength 
and an optical circuit for supplying the pump light into 
the doped fiber from at least one of a first end and a 
second end of the doped fiber. For example, Er (erbium) 
is suitable as the dopant for amplification of an optical 
signal in a wavelength band of 1.55jum. In this case, a 
wavelength band of 0.98 fxra or 1.48jum is selected as the 
wavelength of the pump light. A semiconductor chip may 
also be used to provide the optical amplifying medium. 
In this case, the pumping means includes means for 
injecting a current into the semiconductor chip. 
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The second terminal device 6 includes an optical 
demultiplexer (DMUX) 16 for separating the WDM signal 
light received into a plurality of channels of optical 
signals and a plurality of optical receivers (OR) 18 (#1 
to #N) for respectively receiving the individual optical 
signals . 

In such an optical fiber communication system 
adopting WDM, a transmission capacity per circuit of the 
optical fiber transmission line can be increased 
according to the number of WDM channels. Further, a 
transmission distance can also be increased by arranging 
at least one optical amplifier along the optical fiber 
transmission line . 

The occurrence of interchannel crosstalk in WDM 
will now be described with reference to FIGS. 2A and 2B. 
For convenience of description, it is assumed that the 
number of WDM channels is 4 and that the wavelengths 
assigned to the WDM channels are X lf X 2 f A 3 and A 4 
(A x < A 2 < A 3 < A 4 ) as shown in FIG . 2A. 

It is now assumed that the wavelength A3 assigned 
to the third channel has been changed to A 3 ! (A 3 f < A x ) 
as shown in FIG. 2B because of any trouble in the optical 
sender for the third channel and that the wavelengths 
assigned to the other channels remain unchanged. 

11 



If in this case the wavelength A 3 T of the third 
channel is adjusted to be reset to A 3 , the wavelength of 
the third channel overlaps the wavelengths (A x and X 2 ) 
assigned to the first and second channels with some 
timing, causing easy occurrence of data errors in the 
first and second channels due to crosstalk. 

Referring to FIG . 3, there is shown a 
conventional optical sender usable as each of the optical 
senders 12 (#1 to #N) shown in FIG . 1* This optical 
sender has a laser diode (LD) 20 as a light source for 
outputting a light beam provided as continuous wave (CW) 
light. 

The light beam output from the laser diode 20 is 
detected in its wavelength by a wavelength monitor 22, 
and thereafter modulated by an optical modulator 24 in 
accordance with a main signal. An optical signal 
obtained as the result of this modulation in the optical 
modulator 24 is output through an optical bandpass filter 
26 having a center wavelength coinciding with the 
wavelength of a channel assigned to this optical sender. 

The wavelength monitor 22 includes two optical 
couplers 28 and 30 for distributing two monitoring beams 
from the light beam output from the laser diode 20, 
optical bandpass filters 32 and 34 through which the two 
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monitoring beams from the optical couplers 28 and 30 are 
passed, respectively, photodetectors (PD) 36 and 38 for 
respectively receiving light passed through the filters 
32 and 34, and a computing circuit 40 for performing 
computation according to output signals from the 
photodetectors 36 and 38. The filters 32 and 34 
respectively have wavelengths shorter and longer than the 
wavelength assigned to this optical sender as the center 
wavelengths in the respective passbands. Accordingly, 
the computing circuit 4 0 computes the ratio or difference 
between output signals from the photodetectors 36 and 38 to 
thereby make an output signal from the computing circuit 
4 0 reflect the wavelength of the output light beam from 
the laser diode 20, 

The temperature of the laser diode 20 is 
controlled by an automatic temperature control (ATC) 
circuit 42 to maintain constant the wavelength of the 
light beam output from the laser diode 20. The ATC 
circuit 42 controls the temperature of the laser diode 20 
so that the output signal from the computing circuit 4 0 
in the wavelength monitor 22 is maintained constant. 

The laser diode 20 is supplied with a constant 
drive current (bias current) by an automatic current 
control (ACC) circuit 44. 

13 



Referring to FIG. 4A, there is shown a relation 
between output wavelength and drive current of a laser 
diode. The output wavelength of the laser diode 
increases with an increase in the drive current. 
Referring to FIG. 4B, there is shown a relation between 
output wavelength and temperature of a laser diode. The 
output wavelength of the laser diode increases with an 
increase in the temperature. Accordingly, by maintaining 
constant the drive current for the laser diode 20 with 
the ACC circuit 44 and controlling the temperature of the 
laser diode 2 0 so that the result of monitoring by the 
wavelength monitor 22 is maintained constant as in the 
configuration shown in FIG. 3, the wavelength of an 
optical signal to be output from the optical sender shown 
in FIG. 3 can be maintained constant. 

The reason why the optical bandpass filter 2 6 is 
provided on the output side of the optical modulator 24 
in the configuration shown in FIG. 3 is to prevent 
interchannel crosstalk in the case that the optical 
sender shown in FIG. 3 is used as each of the optical 
senders 12 (#1 to #N) shown in FIG. 1. That is, when the 
wavelength of an optical signal to be output from the 
optical sender is shifted from the assigned wavelength 
because of a malfunction of the wavelength monitor 22 or 

14 



the ATC circuit 42, the optical signal whose wavelength 
has been shifted is blocked by the optical bandpass 
filter 2 6 to thereby prevent an adverse effect of the 
optical signal output from the optical sender on an 
optical signal output from another normal optical sender. 

However, in the case of using the optical 
bandpass filter 26 in each channel as in the prior art 
shown in FIG. 3, the configuration of each optical sender 
or the terminal device becomes complicated. Furthermore, 
the power of each optical signal is reduced by the 
insertion loss due to the optical bandpass filter 26. 

FIG. 5 is a block diagram showing a basic 
configuration of the optical sender according to the 
present invention. In contrast with the prior art shown 
in FIG. 3, the basic configuration shown in FIG. 5 is 
characterized in that the optical bandpass filter 26 is 
omitted and a control unit 4 6 is provided instead. The 
control unit 4 6 includes an optical element 4 8 for 
receiving an optical signal output from the optical 
modulator 24, and a combination of switches 50 and 52, an 
optical output circuit 54, and an optical shutdown 
circuit 56 for changing the transmittance of the optical 
element 48 according to a given condition. 

A wavelength supervisory circuit 58 is connected 
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to the wavelength monitor 22 , so as to generate a 
wavelength alarm relating to the wavelength of a light 
beam output from the laser diode 2 0 or the wavelength of 
an optical signal output from the optical modulator 24* 
The wavelength supervisory circuit 58 outputs a 
wavelength alarm, for example, when the wavelength 
detected by the wavelength monitor 22 has been deviated 
from a predetermined range. An output signal from the 
wavelength monitor 22 is supplied through the wavelength 
supervisory circuit 58 to the ATC circuit 42. 

A power supervisory circuit 60 is connected to 
the ACC circuit 44, so as to generate a power alarm 
relating to on/off of power supply in the optical sender. 
The power supervisory circuit 60 outputs a power alarm, 
for example, when the supply of a current (power) from 
the ACC circuit 44 to the laser diode 20 becomes on or 
off, and continues the output of the power alarm during a 
predetermined period of time. 

The wavelength alarm and the power alarm are 
supplied through an OR circuit 62 to the control unit 46. 
When the control unit 4 6 receives at least one of the 
wavelength alarm and the power alarm, the optical element 
48 is controlled so that the transmittance of the optical 
element 48 is reduced. 
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More specifically, when at least one of the 
wavelength alarm and the power alarm is supplied to the 
control unit 4 6, the optical shutdown circuit 56 is 
selected by the switches 50 and 52, thereby reducing the 
transmittance of the optical element 48 according to the 
operation of the optical shutdown circuit 56. 
Conversely, when none of the wavelength alarm and the 
power alarm is supplied to the control unit 4 6, the 
optical output circuit 54 is selected by the switches 50 
and 52, thereby increasing the transmittance of the 
optical element 48 according to the operation of the 
optical output circuit 54. 

When the transmittance of the optical element 4 8 
is low, the optical signal from the optical modulator 24 
is blocked by the optical element 48 to thereby prevent 
interchannel crosstalk in the case of using this optical 
sender as each of the optical senders 12 (#1 to #N) shown 
in FIG. 1. When the transmittance of the optical element 
4 8 is high, the optical signal from the optical modulator 
24 can be output from this optical sender, thereby allowing 
transmission of the optical signal. 

FIG. 6 is a block diagram showing another basic 
configuration of the optical sender according to the 
present invention. In this basic configuration, the 
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optical modulator 24 serves also as the optical element 
4 8 shown in FIG. 5. That is, a control unit 46 1 
including the optical modulator 24 is provided. 

When receiving at least one of the wavelength 
alarm and the power alarm, the control unit 46 ! switches 
the operating point of the optical modulator 24 to 
thereby shut down the output of an optical signal from 
the optical modulator 24. For switching of the operating 
point, an additional switch 64 is connected to the OR 
circuit 62. The switch 64 operates to shut down the 
input of a main signal into the optical modulator 24 when 
receiving at least one of the wavelength alarm and the 
power alarm. Also according to the basic configuration 
shown in FIG. 6, interchannel crosstalk in WDM can be 
prevented without using an optical bandpass filter as 
similarly to the basic configuration shown in FIG. 5. 

FIGS. 7, 8, and 9 are timing charts in starting 
up the system, in the case of wavelength anomaly, and in 
shutting down the system, respectively. In each of FIGS. 
7, 8, and 9, there are shown vertically from the upper 
side a supply voltage, power alarm, output power of the 
laser diode 20, output wavelength of the laser diode 20, 
switching operation in the control unit 46 or 46 T , and 
optical output from the optical sender. 
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The operation of the optical sender in starting 
up the system will first be described with reference to 
FIG, 7. When the supply of power becomes on at a time t lf 
a power alarm is output from the power supervisory 
circuit 60. At this time, the output power of the laser 
diode 20 starts to be changed in a stabilized direction 
by the operation of the ACC circuit 44, and the output 
wavelength of the laser diode 20 also starts to be 
changed in a stabilized direction by the operation of the 
ATC circuit 42, At a time t 2 slightly later than the time 
t x , a wavelength alarm is output from the wavelength 
supervisory circuit 58. While at least one of the 
wavelength alarm and the power alarm is being generated, 
the optical shutdown circuit 56 remains selected, so that 
the optical output from the optical sender remains shut 
down. The power alarm continues to be output during a 
predetermined period from the time t t to a time t 3 . The 
duration of the power alarm is preset longer than a time 
period from the time the supply of power to the laser 
diode 20 becomes on to the time the output power of the 
laser diode 20 is stabilized. 

When the output wavelength of the laser diode 20 
enters a predetermined tolerance TR at a time t 4 , the 
wavelength alarm becomes off, and accordingly the optical 
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output circuit 54 is selected. In the basic 
configuration shown in FIG. 6, the supply of a main 
signal to the optical modulator 24 becomes on, and the 
shutdown condition of the optical signal is canceled. By 
the above operation, interchannel crosstalk in starting 
up the system is prevented. 

The operation of the optical sender in the case 
of wavelength anomaly will now be described with 
reference to FIG. 8. When the output wavelength of the 
laser diode 20 lies within the tolerance TR, none of the 
power alarm and the wavelength alarm is generated, so 
that the optical output circuit 54 is selected to 
maintain a condition where the optical signal is being 
output from the optical sender. When the output 
wavelength of the laser diode 2 0 is deviated from the 
tolerance TR at a time t n , a wavelength alarm is output 
from the wavelength supervisory circuit 58 and the 
wavelength alarm is supplied to the control unit 4 6 or 
46'. Accordingly, the optical output circuit 54 is 
switched to the optical shutdown circuit 56. In the 
basic configuration shown in FIG. 6, the supply of a main 
signal to the optical modulator 24 is shut down, thereby 
shutting down the output of the optical signal from the 
optical sender. By the above operation, interchannel 

20 



crosstalk in the case of wavelength anomaly is prevented. 

The operation of the optical sender in shutting 
down the system will now be described with reference to 
FIG . 9. When the supply of power becomes off at a time 
t 21 , a power alarm is generated. At this time, the output 
power and the output wavelength of the laser diode 2 0 
start to be gradually changed. When the output 
wavelength of the laser diode 20 is deviated from the 
tolerance TR at a time t 22 , a wavelength alarm is 
generated. Simultaneously with generation of the power 
alarm at the time t 21 , the optical output circuit 54 is 
switched to the optical shutdown circuit 56. In the basic 
configuration shown in FIG. 6, the supply of a main 
signal to the optical modulator 24 is shut down, thereby 
shutting down the output from the optical signal from the 
optical sender. By the above operation, interchannel 
crosstalk in shutting down the system is prevented. 

FIG. 10 is a block diagram showing a modification 
of the optical sender shown in FIG. 5. In the 
configuration shown in FIG. 5, the light beam output from 
the laser diode 20 is supplied through the wavelength 
monitor 22 to the optical modulator 24. In contrast 
therewith, the optical sender shown in FIG. 10 uses both 
a forward beam FB and a backward beam BB output from the 
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laser diode 20. The forward beam FB is supplied to the 
optical modulator 24 and then modulated by a main signal to 
obtain an optical signal. The backward beam BB is 
supplied to the wavelength monitor 22 and its wavelength 
is monitored by the wavelength monitor 22. The forward 
beam FB and the backward beam BB have the same 
wavelength, so that this configuration also allows 
wavelength monitoring of the optical signal by use of the 
wavelength monitor 22, Particularly in this 
modification, the wavelength monitor 22 is not located in 
a main optical path including the optical modulator 24 
and the control unit 46. Accordingly, a decrease in 
power of the optical signal due to insertion loss by the 
wavelength monitor 22 can be prevented. 

FIG. 11 is a block diagram showing another 
modification of the optical sender shown in FIG. 5. In 
this modification, the positional relation between the 
optical modulator 24 and the wavelength monitor 22 is 
reverse to that in the configuration shown in FIG. 5. 
That is, the light beam output from the laser diode 20 is 
first modulated by a main signal in the optical modulator 
24, and a resultant optical signal is supplied to the 
wavelength monitor 22. The optical signal passed through 
the wavelength monitor 22 is output through the control 
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unit 46. Accordingly, the wavelength monitor 22 monitors 
the wavelength of the optical signal after modulation 
rather than the wavelength of CW light. Also according 
to this conf iguration, interchannel crosstalk in WDM can 
be prevented without using an optical bandpass filter. 

FIG. 12 is a block diagram showing a modification 
of the optical sender shown in FIG. 6. This modification 
is characterized in that both a forward beam FB and a 
backward beam BB output from the laser diode 2 0 are used 
as in the optical sender shown in FIG. 10. The forward 
beam FB output from the laser diode 2 0 is modulated by 
the optical modulator 24 (not shown) included in the 
control unit 46 1 , and a resultant optical signal is 
output from the optical sender. The backward beam BB 
output from the laser diode 2 0 is supplied to the 
wavelength monitor 22 and its wavelength is monitored by 
the wavelength monitor 22. Also according to this 
configuration, a decrease in power of the optical signal 
due to insertion loss by the wavelength monitor 22 can be 
prevented. 

FIGS. 13A and 13B are block diagrams respectively 
showing first and second preferred embodiments of the 
control unit 46 shown in FIG. 5, for example. The 
control unit 4 6 includes the optical element 4 8 for 
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shutting down an optical signal, which is independent of 
the optical modulator 24. Accordingly, a circuit for 
controlling the optical element 48 can be configured 
relatively simply. 

In the first preferred embodiment shown in FIG . 
13A, a Mach-Zehnder type lithium niobate modulator (MZ 
type LN modulator) 66 is used as the optical element 48. 
Further, the optical output circuit 54 and the optical 
shutdown circuit 56 connected in parallel between the 
switches 50 and 52 are provided by comparators 74 and 7 6, 
respectively. The comparator 74 is supplied with a 
reference voltage Vrefl corresponding to a relatively large 
transmittance of the MZ type LN modulator 66, and the 
comparator 76 is supplied with a reference voltage Vref2 
corresponding to a relatively small transmittance of the 
MZ type LN modulator 66. 

A part of the optical signal output from the 
modulator 66 is branched off by an optical coupler 68, 
and the branch light is converted into a current signal 
having a level corresponding to the power of the branch 
light by a photodetector 70. The current signal is then 
converted into a voltage signal by an I/V converter 72. 
The voltage signal is then supplied to either the 
comparator 74 or 76 selected by the switch 52. 
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For example, when none of the power alarm and the 
wavelength alarm is generated and the comparator 74 is 
accordingly selected, the comparator 74 supplies a bias 
voltage through the switch 50 to the modulator 66 so that 
the voltage level of the output signal from the I/V 
converter 72 coincides with the reference voltage Vref 1 . 
As a result, the optical signal from the optical 
modulator 24 is passed through the modulator 66 as the 
optical element 48 and output from the control unit 46. 

On the other hand, when at least one of the power 
alarm and the wavelength alarm is generated and the 
comparator 7 6 is accordingly selected, the comparator 7 6 
supplies a bias voltage through the switch 50 to the 
modulator 66 so that the voltage level of the output 
signal from the I/V converter 72 coincides with the 
reference voltage Vref 2 . As a result, the modulator 66 
as the optical element 48 becomes a shutdown condition, 
so that the optical signal from the optical modulator 24 
is blocked by the control unit 4 6 and the output of the 
optical signal from the optical sender is accordingly 
shut down. 

The reason why the optical output level from the 
modulator 66 as the optical element 48 is actually 
monitored by the photodetector 70 and the I/V converter 
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72 is to accurately obtain a shutdown condition in the 
control unit 4 6 irrespective of occurrence of a DC drift 
that is a phenomenon that an operating characteristic 
curve representing the relation between transmittance (or 
output power) of the MZ type LN modulator 6 6 and bias 
voltage (drive voltage) therefor is changed along a bias 
voltage axis. 

In the second preferred embodiment of the control 
unit 4 6 shown in FIG* 13B, a low-frequency signal from an 
oscillator 78 is superimposed on the bias voltage for the 
MZ type LN modulator 66 by an adder 80. By superimposing 
the low-frequency signal on the bias voltage, the output 
level from the modulator 66 is changed according to the 
low- frequency signal. Accordingly, the change in the 
output level is detected by the photodetector 7 0 and the 
I/V converter 72. The phase of the low-frequency signal 
from the oscillator 7 8 and the phase of the output signal 
from the I/V converter 72 are compared with each other by 
a phase comparator circuit 82, and an output signal from 
the phase comparator circuit 82 is supplied to an average 
detector circuit 84. An output signal from the average 
detector circuit 84 is changed or unchanged in polarity 
and then supplied as the bias voltage for the modulator 66. 
More specifically, the optical output circuit 54 is 
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provided by a line 86 directly connecting the switches 50 

and 52, and the optical shutdown circuit 56 is provided 

by an inverter 88 connected between the switches 50 and 52. 

Referring to FIG. 14, there is shown an operating 
characteristic of an MZ type LN modulator. Reference 
numeral 92 denotes an operating characteristic curve 
representing the relation between output optical power of 
the modulator and drive voltage for the modulator. The 
operating characteristic curve 92 shows a characteristic 
such that the output optical power periodically changes 
with an increase in the drive voltage. In other words, 
the operating characteristic curve 92 is given as a 
substantially trigonometric function. The operating 
point of the modulator is set at a point 100 where a 
maximum positive slope in the operating characteristic 
curve 92 is given. When a low- frequency signal as shown 
by reference numeral 94 is superimposed on a bias 
voltage, the output optical power of the modulator 
changes in phase with the low-frequency signal 94 as 
shown by reference numeral 96* 

According to the configuration of the second 
preferred embodiment of the control unit 4 6 shown in FIG. 
13B, the operating point is converged to a point 98 where 
the output optical power becomes a minimum by voltage 
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feedback through the inverter 88 when at least one of the 
power alarm and the wavelength alarm is generated* This 
operation will now be described more specifically. 

FIGS* 15A to 15D are graphs for illustrating the 
operation in the preferred embodiment shown in FIG. 13B. 

FIG. 15A shows a change in drive voltage for the 
modulator 66 due to superimposition of a low-frequency 
signal. FIG. 15B shows a change in output optical power 
of the modulator 66, In the case that the operating 
point 100 shown in FIG. 14 is selected, the output 
optical power changes in phase with the drive voltage for 
the modulator 66. FIG. 15C shows a waveform of an output 
signal from the phase comparator circuit 82. For 
example, a multiplier may be used as the phase comparator 
circuit 82. FIG. 15D shows an output voltage level from 
the average detector circuit 84. The output signal from 
the average detector circuit 84 is a DC signal, and the 
waveforms shown in FIGS. 15A and 15B are in phase. 
Accordingly, the output level from the average detector 
circuit 84 becomes positive. 

Accordingly, in the case that at least one of the 
power alarm and the wavelength alarm is generated and the 
inverter 88 is therefore selected, a DC voltage having a 
negative value is applied as the bias voltage for the 
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modulator 66. As the result of such voltage feedback, 
the operating point of the modulator 66 is converged to a 
minimum level of output optical power as shown by 
reference numeral 98 in FIG. 14. Thus, when at least one 
of the power alarm and the wavelength alarm is generated, 
the control unit 4 6 shuts down the optical signal from 
the optical modulator 24. 

In the case that none of the power alarm and the 
wavelength alarm is generated and accordingly the 
switches 50 and 52 are connected with each other directly 
by the line 86, a positive DC voltage output from the 
average detector circuit 84 is fed back to the modulator 
66, so that the operating point is converged to a point 
shown by reference numeral 100 T in FIG. 14. As a result, 
the optical signal output from the optical modulator 24 
is not shut down by the control unit 46. 

FIG. 16A is a block diagram showing a third 
preferred embodiment of the control unit 4 6, and FIG. 16B 
is a graph showing a characteristic thereof. In this 
preferred embodiment, a Mach-Zehnder (MZ) type 
semiconductor modulator 102 is used as the optical 
element 48. As shown in FIG. 16B, an operating 
characteristic curve representing the relation between 
output optical power P and applied voltage V in the MZ type 
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semiconductor modulator 102 has a periodicity like the MZ 
type LN modulator. That is, the output optical power P 
from the MZ type semiconductor modulator 102 changes 
trigonometrically with an increase in the applied voltage 
V. 

It is known that a DC drift hardly occurs in the 
operating characteristic curve of the MZ type 
semiconductor modulator 102 unlike the MZ type LN 
modulator . 

In the preferred embodiment shown in FIG. 16A 
based on this fact, a voltage Von giving a maximum 
optical output Pon is supplied from a voltage source 104 
through the switch 50 to the modulator 102 when none of 
the power alarm and the wavelength alarm is generated. 
On the other hand, when at least one of the power alarm 
and the wavelength alarm is generated, a voltage Vsd 
giving a very small output optical power Psd is supplied 
from a voltage source 106 through the switch 50 to the 
modulator 102. That is, the voltage sources 104 and 106 
respectively correspond to the optical output circuit 54 
and the optical shutdown circuit 56 shown in FIG. 5. The 
single switch 50 is only necessary to switch between the 
voltage sources 104 and 106 in this preferred embodiment, 
so the switch 52 shown in FIG. 5 is omitted. The reason 
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why the present invention can be embodied by switching 
between the constant voltage sources 104 and 106 without 
monitoring the output level from the modulator 102 is 
based on the fact that a DC drive hardly occurs in the 
operating characteristic curve as described above. Also 
according to this preferred embodiment, interchannel 
crosstalk in WDM can be prevented without using an 
optical bandpass filter. 

FIGS. 17A and 17B are block diagrams showing 
fourth and fifth preferred embodiments of the control 
unit 46, respectively. Each of the fourth and fifth 
preferred embodiments employs an electroabsorption type 
modulator (EA modulator) 108 as the optical element 48. 

Referring to FIG. 18, there is shown 
characteristics of the EA modulator 108. The 
characteristics are such that the larger the negative 
value of an applied voltage, the larger the absorption 
and accordingly the lower the output optical power P and 
that the larger the absorption, the larger the 
photocurrent I to be detected. 

In the fourth preferred embodiment shown in FIG. 
17A, a voltage Von giving a relatively high output 
optical power Pon is supplied from a voltage source 110 
through the switch 50 to the EA modulator 108 to obtain 
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the output optical power Pon when none of the power alarm 
and the wavelength alarm is generated. On the other 
hand, when at least one of the power alarm and the 
wavelength alarm is generated, a voltage Vsd giving a 
nearly zero output optical power Psd is supplied from a 
voltage source 112 through the switch 50 to the EA 
modulator 108 to obtain the output optical power Psd. 

Thus, the voltage sources 110 and 112 
respectively correspond to the optical output circuit 54 
and the optical shutdown circuit 56, and the switch 52 is 
omitted. 

Also according to this preferred embodiment, 
interchannel crosstalk in WDM can be prevented without 
using an optical bandpass filter. 

In the fifth preferred embodiment shown in FIG. 
17B, the photocurrent generated in the EA modulator 108 
is converted into a voltage signal by a I/V converter 
118, and the voltage signal is then supplied to the 
switch 52. The optical output circuit 54 is provided by 
a comparator 114 supplied with a reference voltage Vref 2 
to be selected so as to output Von. The optical shutdown 
circuit 56 is provided by a comparator 116 supplied with 
a reference voltage Vrefl to be selected so as to output 
Vsd. 
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When none of the power alarm and the wavelength 
alarm is generated, the optical signal output from the 
optical modulator 24 is almost transmitted by the EA 
modulator 108, thereby allowing the output of the optical 
signal from the optical sender. When at least one of the 
power alarm and the wavelength alarm is generated, the 
optical signal output from the optical modulator 24 is 
almost absorbed by the EA modulator 108, thereby blocking 
the output of the optical signal from the optical sender. 
Thus, also according to this preferred embodiment, 
interchannel crosstalk in WDM can be prevented without 
using an optical bandpass filter. 

FIG. 19A is a block diagram showing a sixth 
preferred embodiment of the control unit 4 6, and FIG. 19B 
is a graph showing a characteristic thereof. In this 
preferred embodiment, a semiconductor optical amplifier 
118 is used as the optical element 48. The characteristic 
is such that the gain given as the ratio of an output 
power P2 to an input power PI in the semiconductor 
optical amplifier 118 increases with an increase in drive 
current. Accordingly, a constant current source 120 for 
generating a drive current Ion giving a saturated gain is 
used as the optical output circuit 54, and a ground line 
122 is used as the optical shutdown circuit 56. 
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When at least one of the power alarm and the 
wavelength alarm is generated, the semiconductor optical 
amplifier 118 is grounded through the switch 50 and gives 
only loss to the optical signal with no gain. 
Accordingly, the optical signal output from the optical 
modulator 24 is not passed through the semiconductor 
optical amplifier 118. When none of the power alarm and 
the wavelength alarm is generated, the drive current Ion 
is supplied from the constant current source 12 0 through 
the switch 50 to the semiconductor optical amplifier 118. 
Accordingly, gain is generated in the semiconductor 
optical amplifier 118, so that the optical signal output 
from the optical modulator 24 is amplified to be output 
from the optical sender. 

Thus, according to this preferred embodiment, 
gain can be given to the optical signal when none of the 
power alarm and the wavelength alarm is generated, 
thereby allowing provision of a high-power optical 
sender. Further, like the previous preferred 
embodiments, interchannel crosstalk in WDM can be 
pevented without using an optical bandpass filter. 

FIGS. 2 OA and 2 OB are block diagrams showing 
first and second preferred embodiments of the control 
unit 46 1 shown in FIG. 6, for example. As mentioned 
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previously, the optical modulator 24 serves both to 
modulate a light beam and to shut down an optical signal 
in each of the following preferred embodiments. In each 
of the preferred embodiments shown in FIGS. 20A and 20B, 
an MZ type LN modulator 66 is used as the optical 
modulator 24. 

In the preferred embodiment shown in FIG . 2 OA, 
the optical shutdown circuit 56 is provided by an 
oscillator 124, phase comparator circuit 126, average 
detector circuit 128, inverter 130, and adder 132, The 
oscillator 124, phase comparator circuit 126, average 
detector circuit 128, inverter 130, and adder 132 
respectively correspond to the oscillator 78, phase 
comparator circuit 82, average detector circuit 84, 
inverter 88, and adder 80 shown in FIG. 13B. The optical 
output circuit 54 is provided by an automatic bias 
control (ABC) circuit 134. 

When none of the power alarm and the wavelength 
alarm is generated, the operating point of the MZ type LN 
modulator 66 is maintained at a point shown by reference 
numeral 100 in FIG. 14, for example, in accordance with 
the operation of the ABC circuit 134. A main signal is 
supplied through the switch 64 to the MZ type LN 
modulator 66. Accordingly, an optical signal obtained by 
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modulation of an input light beam in accordance with the 
main signal is output. The amplitude of the main signal 
is set to 1/2 of the period of the operating 
characteristic curve 92 shown in FIG* 14, for example. 
By this setting, the high level and the low level of the 
main signal respectively correspond to the maximum level 
and the minimum level of the operating characteristic 
curve 92, thereby allowing intensity modulation of CW 
light. 

On the other hand, when at least one of the power 
alarm and the wavelength alarm is generated, the 
operating point is converged to a point shown by 
reference numeral 98 in FIG. 14, for example, in 
accordance with the principle similar to that in the 
preferred embodiment shown in FIG. 13B. Further, the 
switch 64 is opened and the main signal is therefore not 
supplied to the modulator 66. As a result, no optical 
signal is generated to obtain a shutdown condition. 

Thus, according to this preferred embodiment, 
interchannel crosstalk in WDM can be prevented without 
using an optical bandpass filter. Further, since the MZ 
type LN modulator 6 6 is used both as a modulator and an 
optical element for shutting down an optical signal, the 
configuration of the optical sender can be simplified. 
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In the preferred embodiment shown in FIG. 20B, 
the optical output circuit 54 is provided by an ABC 
circuit 134, and the optical shutdown circuit 56 is 
provided by a comparator 136 supplied with a reference 
voltage Vref corresponding to a relatively small output 
optical power. When none of the power alarm and the 
wavelength alarm is generated, an optical signal is 
output from the modulator 66 as in the preferred 
embodiment shown in FIG. 20A. When at least one of the 
power alarm and the wavelength alarm is generated, the 
comparator 13 6 is selected by the switches 50 and 52, and 
the switch 64 is opened. Accordingly, no optical signal 
is output from the modulator 66. Also according to this 
preferred embodiment, interchannel crosstalk in WDM can 
be prevented with a simple configuration using no optical 
bandpass filter. 

FIG. 21 is a block diagram showing a third 
preferred embodiment of the control unit 46 T . In this 
preferred embodiment, an MZ type semiconductor modulator 
102 is used as the optical modulator 24. The optical 
output circuit 54 is provided by a voltage source 138 for 
outputting a voltage Vact giving an operating point where 
the positive or negative slope in the operating 
characteristic curve shown in FIG. 16B, for example, 
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becomes a maximum. The optical shutdown circuit 56 is 
provided by a voltage source 140 corresponding to the 
voltage source 106 shown in FIG. 16A. The voltage Vact 
is illustrated as a voltage giving an operating point 
where the positive slope becomes a maximum in FIG. 16B. 

When none of the power alarm and the wavelength 
alarm is generated, the voltage Vact is supplied from the 
voltage source 138 through the switch 50 to the modulator 
102, and a main signal is supplied through the switch 64 
to the modulator 102. Accordingly, an optical signal is 
output. When at least one of the power alarm and the 
wavelength alarm is generated, the voltage Vsd is 
supplied from the voltage source 14 0 through the switch 
50 to the modulator 102, and the switch 64 is opened. 
Accordingly, no optical signal is output. Also according 
to this preferred embodiment, interchannel crosstalk in 
WDM can be prevented with a simple configuration using no 
optical bandpass filter. 

FIGS. 22A and 22B are block diagrams showing 
fourth and fifth preferred embodiments of the control 
unit 46', respectively. The fourth and fifth preferred 
embodiments shown in FIGS. 22A and 22B are intended to 
adapt the preferred embodiments of the control unit 4 6 
shown in FIGS. 17A and 17B, respectively, to the control 
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unit 4 6 T . 

In the preferred eiribodiment shown in FIG. 22A, 
the optical output circuit 54 is provided by a voltage 
source 142 for outputting a voltage Vact giving a 
substantially middle point between the voltages Vsd and 
Von in the operating characteristic curve shown in FIG. 
18, for example, and the optical shutdown circuit 56 is 
provided by a voltage source 144 for giving the voltage 
Vsd. When none of the power alarm and the wavelength 
alarm is generated, the voltage Vact is supplied from the 
voltage source 142 through the switch 50 to the EA 
modulator 108, and a main signal is supplied through the 
switch 64 to the EA modulator 108. Accordingly, an 
optical signal is output. When at least one of the power 
alarm and the wavelength alarm is generated, the voltage 
Vsd is supplied from the voltage source 144 through the 
switch 50 to the EA modulator 108, and the switch 64 is 
opened. Accordingly, no optical signal is output. Also 
according to this preferred embodiment, interchannel 
crosstalk in WDM can be prevented with a simple 
configuration using no optical bandpass filter. 

In the preferred embodiment shown in FIG. 22B, 
the photocurrent detected by the EA modulator 108 is 
converted into a voltage signal by an I/V converter 14 6, 
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and this voltage signal is supplied to a comparator 148, 
The comparator 148 is supplied with a reference voltage 
Vref corresponding to a relatively small output optical 
power, and acts as the optical shutdown circuit 56. When 
none of the power alarm and the wavelength alarm is 
generated, the voltage Vact is supplied from the voltage 
source 142 through the switch 50 to the EA modulator 108, 
and a main signal is supplied from the switch 64 to the 
EA modulator 108. Accordingly, an optical signal is 
output. When at least one of the power alarm and the 
wavelength alarm is generated, a voltage signal giving a 
minimum output optical power is supplied from the 
comparator 148 through the switch 50 to the EA modulator 
108, and the switch 64 is opened. Accordingly, no 
optical signal is output. Also according to this 
preferred embodiment, interchannel crosstalk in WDM can 
be prevented with a simple configuration using no optical 
bandpass filter. 

FIGS. 23 and 24 are block diagrams showing first 
and second preferred embodiments of the optical sender 
according to the present invention, respectively. Each 
of these preferred embodiments is characterized in that 
the optical output circuit 54 and the whole or a part of 
the optical shutdown circuit 56 in the preferred 
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embodiment shown in FIG. 2 OA are used. 

In the preferred embodiment shown in FIG ♦ 23, an 
MZ type LN modulator 66 is used as the optical modulator 
24. A light beam from a light source unit 150 is 
supplied to the modulator 66, and an optical signal 
obtained by modulating the light beam in the modulator 66 
is output from this optical sender. It should be 
understood that the light source unit 150 includes the 
laser diode 20, the wavelength monitor 22, and the other 
associated elements shown in FIG, 6. 

Clock (CLK) and data (DATA) are input into a D 
flip-flop circuit 152 to thereby obtain a main signal 
whose waveform has been shaped. A data reference 
terminal of the D flip-flop circuit 152 is selectively 
connected to a ground or a power supply by a switch 160, 
thereby selecting input or shutdown of the main signal. 
The main signal output from the D flip-flop circuit 152 
is amplified by an amplifier 154, and the amplified main 
signal output from the amplifier 154 is supplied through 
an FET 156 and a biastee 158 as a driver to the modulator 
66. 

A voltage source 2 02 is connected through an 
inductor 200 to the biastee 158 for the FET 156, thereby 
applying a drain bias to the FET 156. An oscillator 162 

41 



for obtaining a shutdown (SD) condition where no optical 
signal is output and an oscillator 164 for automatic bias 
control (ABC) are used. The oscillation frequencies of 
the oscillators 162 and 164 are fO and fl, respectively. 
The frequency fO is set higher than the cutoff frequency 
fc of the biastee 158, and the frequency fl is set lower 
than fc. A low-frequency signal from either the oscillator 
162 or 164 selected by a switch 166 is supplied through a 
capacitor 168 and the biastee 158 to the modulator 66 and 
also to an inverting amplifier 170. A switch 172 is 
provided to selectively bypass the inverting amplifier 170. 

A part of the optical signal output from the 
modulator 66 is branched off by an optical coupler 174, 
and the branch light is then supplied to a photodiode 
176. As usual, the photodiode 176 is supplied with a 
reverse bias voltage, and a voltage signal due to a 
change in anode potential of the photodiode 17 6 reflects 
the power of the light input into the photodiode 17 6. 
The voltage signal output from the photodiode 17 6 is 
amplified by an amplifier 178, and the phase of an output 
signal from the amplifier 17 8 and the phase of an output 
signal from the inverting amplifier 17 0 are compared with 
each other in a phase comparator 180. An output signal 
from the phase comparator 180 is supplied through a 
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low-pass filter (LPF) 182 to an inverting amplifier 184. 
An output signal from the inverting amplifier 184 is 
supplied through a biastee 185 to the modulator 66. 

A port 188 is provided to receive a power alarm 
and a wavelength alarm, and a port 190 is provided to 
receive a control signal for chirp parameter switching. 
Switches 160, 166, 172, and 186 are operated according to 
the presence or absence of the power alarm or the 
wavelength alarm supplied to the port 188. One selective 
terminal of the switch 18 6 is connected to the port 190, 
and a voltage source for driving the switch 172 so that 
the inverting amplifier 170 is bypassed by the switch 172 
is connected to the other selective terminal of the 
switch 186. When none of the power alarm and the 
wavelength alarm is generated, the switch 160 is operated 
so that the D flip-flop circuit 152 becomes an operative 
condition. Further, the switch 166 is operated so that 
the oscillator 164 for ABC is selected, and the switch 
186 is operated so that the port 190 is connected to the 
switch 172. 

In the case that the control signal for chirp 
parameter switching is not supplied to the port 190, the 
switch 172 is turned off and the inverting amplifier 170 
is accordingly operated. As a result, the operating 
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point of the modulator 66 is stabilized to a point giving 
a positive maximum slope as shown by reference numeral 
100 in FIG. 14, and the modulation by the main signal is 
performed in the modulator 66, thus outputting an optical 
signal from this optical sender. 

In the case that none of the power alarm and the 
wavelength alarm is generated and the control signal for 
chirp parameter switching is supplied to the port 190, 
the switch 172 is turned on and the inverting amplifier 
170 is accordingly bypassed. As a result, the operating 
point of the modulator 66 is stabilized to a point giving 
a negative maximum slope, and the chirp parameter of an 
optical signal to be output is switched. 

The reason why the oscillation frequency fl of 
the oscillator 164 for ABC is set lower than the cutoff 
frequency fc of the biastee 158 is to superimpose a 
low-frequency signal of the frequency fl on each of the 
high level and the low level of the main signal to be 
supplied to the modulator 66 in opposite phases. 

According to this preferred embodiment, the chirp 
parameter of an optical signal to be output from the 
modulator 66 can be switched. Accordingly, an optimum 
chirp parameter can be selected so that best transmission 
characteristics are obtained according to the 
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characteristics of an optical fiber transmission line to 
which the optical signal is output. 

In the case that at least one of the power alarm 
and the wavelength alarm is generated, the switch 160 is 
operated so that the D flip-flop circuit 152 becomes 
inoperative. Further, the switch 166 is operated so that 
the oscillator 162 for SD is selected, and the switches 
172 and 186 are operated so that the inverting amplifier 
170 is bypassed. Accordingly, the operating point of the 
modulator 66 is converged to a point shown by reference 
numeral 98 in accordance with the principle described 
with reference to FIGS. 14 and 15. Further, since the D 
flip-flop circuit 152 is inoperative, the supply of the 
main signal to the modulator 66 is shut down, thus 
shutting down the output of the optical signal from this 
optical sender. 

While the operating point of the modulator 66 is 
stabilized to a point giving a positive maximum slope or 
to a point giving a negative maximum slope according to 
setting of the chirp parameter prior to the establishment 
of this shutdown condition, it is apparent that the 
operating point is converged to a point shown by 
reference numeral 98 shown in FIG. 14 in each case 
because the inverting amplifier 184 is operative, so the 
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detailed description thereof will be omitted herein. 

FIG . 24 is a block diagram showing a second 
preferred embodiment of the optical sender according to 
the present invention. In contrast with the preferred 
embodiment shown in FIG. 23, the preferred embodiment 
shown in FIG. 24 is characterized in that an oscillator 
192 oscillating at a frequency fO is used both for SD and 
for ABC. The frequency fO is set lower than the cutoff 
frequency fc of the biastee 158. The oscillator 192 is 
connected to a switch 194 and an inverting amplifier 170. 

In the case that none of the power alarm and the 
wavelength alarm is generated, a low-frequency signal 
output from the oscillator 192 is supplied through the 
switch 194 and the capacitor 168 to the biastee 158, 
thereby performing ABC as similarly to the preferred 
embodiment shown in FIG. 23. Switching of the chirp 
parameter in this case is also similarly performed. 

When at least one of the power alarm and the 
wavelength alarm is generated, the low-frequency signal 
from the oscillator 192 is supplied through the switch 
194 and a capacitor 196 to the biastee 185. The 
principle of shutdown of an optical signal in this case 
will be understandable from the description of the 
preferred embodiment shown in FIG. 23, so the description 
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thereof will be omitted herein. 

According to the present invention, it is 
possible to provide an optical sender, terminal device, 
and optical communication system which can prevent 
interchannel crosstalk in WDM without using an optical 
bandpass filter. The effects exhibited by the specific 
preferred embodiments have been described above, so the 
description thereof will be omitted herein. 

The present invention is not limited to the 
details of the above described preferred embodiments. 
The scope of the invention is defined by the appended 
claims and all changes and modifications as fall within 
the equivalence of the scope of the claims are therefore 
to be embraced by the invention. 
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WHAT IS CLAIMED IS: 

1. An optical sender comprising: 

a light source for outputting a light beam; 

an optical modulator for modulating said light 
beam in accordance with a main signal to output an 
optical signal; and 

means for shutting down said optical signal when 
receiving at least one of a power alarm relating to 
on/off of power supply and a wavelength alarm relating to 
the wavelength of said light beam. 

2. An optical sender according to claim 1, 
further comprising: 

a circuit for supplying a power to said light 
source; and 

a power supervisory circuit for monitoring on/off 
of supply of the power to said light source and 
outputting said power alarm during a given time period 
from a time the supply of the power to said light source 
becomes on or off. 

3. An optical sender according to claim 2, 
wherein said power supplying circuit comprises a constant 
current source. 

4. An optical sender according to claim 1, 
further comprising: 
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a wavelength monitor for detecting the wavelength 
of said light beam; and 

a circuit for outputting said wavelength alarm when 
the wavelength detected by said wavelength monitor is 
deviated from a predetermined range. 

5. An optical sender according to claim 4, 
further comprising means for controlling said light 
source so that the wavelength detected by said wavelength 
monitor is maintained constant. 

6. An optical sender according to claims 5, 

wherein: 

said light source comprises a laser diode; and 
said controlling means comprises means for 
controlling the temperature of said laser diode. 

7. An optical sender according to claim 4, 
wherein said wavelength monitor is provided between said 
light source and said optical modulator. 

8. An optical sender according to claim 4, 
wherein said optical modulator is provided between said 
light source and said wavelength monitor. 

9. An optical sender according to claim 4, 

wherein; 

said light source comprises a laser diode for 
outputting a forward beam and a backward beam; 
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said forward beam being supplied to said optical 
modulator, said backward beam being supplied to said 
wavelength monitor. 

10. An optical sender according to claim 1, 
wherein said shutting down means comprises: ^ ^ 

an optical element for receiving said optical 
signal output from said optical modulator; and 

means for controlling said optical element so 
that the transmittance of said optical element is reduced 
when receiving at least one of said power alarm and said 
wavelength alarm. 

11. An optical sender according to claim 10, 
wherein said optical element is a Mach-Zehnder type 
lithium niobate modulator. 

12. An optical sender according to claim 10, 
wherein said optical element is a Mach-Zehnder type 
semiconductor modulator. 

13. An optical sender according to claim JLQ^ 
wherein said optical element is an electroabsorption type 
modulator. 

14. An optical sender according to claiicuJjQ^. 
wherein said optical element is a semiconductor optical 
amplifier. 

15. An optical sender according to claiib-ly 
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wherein said shutting down means comprises means for 
switching the operating point of said optical modulator 
and shutting down input of said main signal into said 
optical modulator when receiving at least one of said 
power alarm and said wavelength alarm. 

16. An optical sender according to claim 15, 
wherein said optical modulator is a Mach-Zehnder type 
lithium niobate modulator. 

17. An optical sender according to claim 15, 
wherein said optical modulator is a Mach-Zehnder Type 
semiconductor modulator. 

18. An optical sender according to claim 15, 
wherein said optical modulator is an electroabsorption 
type modulator. 

19. A terminal device for wavelength division 
multiplexing, comprising: 

a plurality of optical senders for outputting 
optical signals having different wavelengths; and 

an optical multiplexer for receiving said optical 
signals to output wavelength division multiplexed signal 
light; 

wherein each of said optical senders comprises: 
a light source for outputting a light beam; 
an optical modulator for modulating said light 



beam in accordance with a main signal to output an 
optical signal; and 

means for shutting down said optical signal when 
receiving at least one of a power alarm relating to 
on/off of power supply and a wavelength alarm relating to 
the wavelength of said light beam, 

20. An optical communication system for 
wavelength division multiplexing, comprising: 

first and second terminal devices; and 

an optical fiber transmission line for connecting 
said first and second terminal devices; 

wherein at least one of said first and second 
terminal devices comprises: 

a plurality of optical senders for outputting 
optical signals having different wavelengths; and 

an optical multiplexer for receiving said optical 
signals to output wavelength division multiplexed signal 
light; 

wherein each of said optical senders comprises: 

a light source for outputting a light beam; 

an optical modulator for modulating said light 
beam in accordance with a main signal to output an 
optical signal; and 

means for shutting down said optical signal when 
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receiving at least one of a power alarm relating to 
on/off of power supply and a wavelength alarm relating to 
the wavelength of said light beam. 

21* An optical communication system according to 
claim 20, further comprising at least one optical 
amplifier arranged along said optical fiber transmission 
line . 



53 



ABSTRACT OF THE DISCLOSURE 

The present invention relates to an optical 
sender applicable to WDM (wavelength division 
multiplexing), and a primary object of the present 
invention is to prevent interchannel crosstalk in WDM, 
The optical sender includes a light source for outputting 
a light beam, an optical modulator for modulating the 
light beam in accordance with a main signal to output an 
optical signal, and a unit for shutting down the optical 
signal when receiving at least one of a power alarm 
relating to on/off of power supply and a wavelength alarm 
relating to the wavelength of the light beam. 



54 




X 
ZD 



t 


I 


> 












CO 


O 




O 




O 



CM 



=8= 



S3 



FIG. 2 A 



Al A 2 A3 A 4 WAVELENGTH 



FIG. 2 B 



A3' A1A2A3A4 WAVELENGTH 



4* 





eg 


OPTICAL 
FILTER 






t 


1- 


s Si 




AR 


h as ^ 


EH P 

& Q 

°8 




Q_ 




u 








O 


AT 


— > 




< — 


AC 



«3* 



o 

CM 



FIG. 4 A 



E-l A 




DRIVE CURRENT ( a . u . ) 



F I G . 4 B 




LD TEMPERATURE ( a. u. ) 



LO 


















o 








w 




H 






% 












m 


M 






o 




D 











o 



CO 



Ll 



H S3 




F I G. 7 

SUPPLY I 



VOLTAGE 



POWER 
ALARM 



t 



LD OUTPUT 
POWER 



LD OUTPUT 
WAVELENGTH 



WAVELENGTH 
ALARM 



SWITCHING 
OPERATION 



OPTICAL 
OUTPUT 







TR 




t 










t 



OPTICAL OUTPUT CIRCUIT 
. T (MAIN SIGNAL 
ALARM 01^ i MODULATION) ON 



JOfiTICAL SHUTDOWN CIRCUIT ON 
OPTIC-AtWPmTrR-CaiT-i OPTICAL.SHUTDOWN 
1A1I1S1GNAL 



'(MAIN SlfiNAI ■ 
MOWLATION) OFF 



CIRCUIT OFF 



[ 



tl t2 



t3 t4 



F I G. 8 



SUPPLY 
VOLTAGE 



POWER 
ALARM 



LD OUTPUT 
POWER 



LD OUTPUT 
WAVELENGTH 



WAVELENGTH 
ALRAM 



SWITCHING 
OPERATION 



OPTICAL 
OUTPUT 



EE 



TR 



OPTICAL OUTPUT CIRCUIT 
(MAIN SIGNAL MODULATION) 
ON 



OPTICAL SHUTDOWN CIRCUIT 
OFF 



OPTICAL SHUTDOWN CIRCUIT ON 



OPTICAL OUTPUT CIRCUIT 

f (MAIN SIGNAL 

MODUI_ATION)OFF 



til 



F I G. 9 



SUPPLY 
VOLTAGE 



POWER 
ALARM 




LD OUTPUT 
POWER 



LD OUTPUT 
WAVELENGTH 



WAVELENGTH 
ALARM 



I 



TR 



SWITCHING 
OPERATION 



OPTICAL OUTPUT 
CIRCUIT(MAIN SIGNAL' 
MODULATION)ON 



OPTICAL 
SHUTDOWN 
CIRCUIT OFF 



ALARM ON 



OPTICAL SHUTDOWN CIRCUIT ON 

OP^CAL OUTPUT (JrCu7t(K^ SIGNAL MODULATION)OFF 



OPTICAL 
OUTPUT 



t21 t22 



t23 



FIG. 10 



22 

<> 

WAVELENGTH 
MONITOR 



58 



WAVELENGTH 
SUPERVISORY 
CIRCUIT 



-> ATC 

-La 



-42 



BB 



LD 



FB 



24 



OPT 



ACC 



44 



CAL 



MODULATOR 



46 





CONTROL 


— * 


UNIT 



MAIN 
SIGNAL 



POWER 
SUPERVISORY 
CIRCUIT 



62 



60 



OR 



FIG. 11 



ATC 



LD 



ACC 



24 

<■ 

OPTICAL 
MODULATOR 



T 

MAIN SIGNAL 



POWER 
SUPERVISORY 
CIRCUIT 



22 

<, 

WAVELENGTH 
MONITOR 



I 



WAVELENGTH 
SUPERVISORY 
CIRCUIT 

62 



1 <, 

OR 



46 



CON - 



fROL 



UNIT 



58 



FIG. 12 



22 

WAVELENGTH 
MONITOR 



58 

_!> 



WAVELENGTH 
SUPERVISORY 
CIRCUIT 



BB 



ATC 
20 

ID 



42 



ACC 



i — 

FB 



44 



POWER 
SUPERVISORY 
CIRCUIT 

62 

. S \ . 
— > OR 



MAIN 
SIGNAL 

i r 

CONTROL _ 

UNIT 
T 



60 



FIG. 1 3 A 



MAIN 
SIGNAL 



i 



24 
_1_ 



OPTICAL 
MODULATOR 



POWER ALARM- 
WAVELENGTH ALARM- 



OR 



62 



46 



r 1 



Mz TYPE LN 
MODULATOR 



T 



68 



SW1 



66(48) I PD 
~" 50 . ^ 



52 



l/V 
HSW2 



.72 



74(54) 



-Vrefl 



■Vref2 



76(56) 



FIG. 1 3 B 



MAIN 
SIGNAL 
24 



OPT 



CAL 



MODULATOR 



POWER ALARM- 
WAVELENGTH ALARM- 



T 
62 



46 



Mz TYPE LN 
MODULATOR 



80. 



T 



66(48) 78 



68 



PD 




OR 






SW1 









82 



70 
72 



PHASE 
COMPARATOR 
CIRCUIT 



,50 



AVERAGE 
DETECTOR 
CIRCUIT 



7^88(56 ) I 

1W2]*-j 



52. 



84 



86(54) 



FIG. 14 




OPTICAL OUTPUT 



FIG. 1 5 A 



FIG. 1 5 B 



FIG. 1 5 C 



rYYYY\ t 



I G. 1 5 D 



FIG. 1 6 A 



MAIN SIGNAL 



24 



JL 



OPT 



CAL 



MODULATOR 



POWER ALARM — > 
WAVELENGTH ALARM — > 



62 
_i_ 



OR 



46 



102(48) 



Mz TYPE 
SEMICONDUCTOR 
MODULATOR 



50 



SW1 



Vsd 



Von 



106(56) 104(54) 



FIG. 1 6 B 



P 




Vact 



FIG. 1 7 A 



MAIN SIGNAL 

I 2 * 



OPTICAL 
MODULATOR 



POWER ALARM- 
WAVELENGTH ALARM- 



46 



108(48) 



EA 



OR 






SWT 




> 



Von 

T 



Vsd 



110(54) 112(56) 



FIG. 1 7 B 



MAIN SIGNAL 

I 24 

OPTICAL 
MODULATOR 



62 



POWER ALARM- 
WAVELENGTH ALARM- 



OR 



46 



r 1 1 



108(48) 

r 



> EA 



50 



3^18 
l/V 



SW1 



52 



SW2 



116(56) 
114(54) 



•Vrefi 



Vref2 



j 



FIG. 1 9 A 



MAIN SIGNAL 



24 
-J ± 



OPT 



CAL 



MODULATOR 



POWER ALARM- 
WAVELENGTH ALARM- 



62 



OR 



Pi 



46 



<- i 



118(48) 



_L 



SEMICONDUCTOR 
OPTICAL AMPLIFIER 



50 



SW1 



122 
(56T 



120 
(54) 



Ion 



rrr 



rtr 



FIG. 1 9 B 



P2/P1 




> DRIVE CURRENT 



FIG. 2 0 A 



i — - — 



MAIN SIGNAL 
OPEN 



HSW3 

n 



64 



Mz TYPE LN MODULATOR 

3T 



5 

66(24) 
50 



56 



68 



PD 



SW1 - 50 j> 24 

e^H ^l 126 

132 1 duacc: 



l/V 

31 



.701 



72 



SW2 



Xv.130 



PHASE 
COMPARATOR 
CIRCUIT 

Z3 



AVERAGE 
DETECTOR 
CIRCUIT 



ABC CIRCUIT 



128 



134(54) 



FIG. 2 0 B 



MAIN SIGNAL 
I OPEN 



HSW3 

H 



.64 



66(24) 



Mz TYPE LN MODULATOR 



68 



swi 



,50 



52 



PD 
T~ 



134(54) 



ABC CIRCUIT 



l/V 



.70 
.72 



SW2 



136(56) 



Vref 



FIG. 2 1 



MAIN SIGNAL 
OPEN 



SW3 



64 



102(24) 



Mz TYPE 
SEMICONDUCTOR 
MODULATOR 



SW1 



Vsd 



-50 



Vact 



T 



140(56) 138(54) 



FIG. 2 2 A 



MAIN SIGNAL 

OPEN 

-4 SW3 |~64 



EA 



SW1 



108(24); 
-50 



Vsd 

~1 



Vact 
T 



144(56) 142(54) 

r i 



FIG. 2 2 B 



MAIN SIGNAL 

OPEN 

L 



SW3 



64 
108(24) 



EA 



50 



SW1 



Vact 



146 



l/V 



Vsd 




142(54) 148 >- 6) 



Vref 



PTO/SB/106 (8-96) 
Approved for use through 9K3GS6. OMB 065f 4X332 
Patent and Tradernaric Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Ac* of 1 995, no persons are required to respond to a collection of ^formation una*** it de*pt*ys m valid OMB control number. 



Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below narn-.d inventor. I hereby decla: *hat: 



My residence, post office address and citizenship ace as started 
next to my name. 



I believe t am the original, first and sole inventor {ii only one name 
is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and 
lor which a patent is sought on the invention entitled 

OPTICAL SENDER, TERMINAL DEVICE, AND 
OPTICAL COMMUNICATION SYSTEM EACH HAVING 
THE OPTICAL SENDER 



the specification of which is attached hereto unless the fotfowing 
box is checked; 



II(g3 l T t J8#-3- £ t L, as United States Application Number or 

(SS S-l - *) fCJTlEcF jV£ L fl. PCT International App*ca4ion Number 

and was amended on 

(if applicable). 



flii. ^jrTW^CH^tf hJCJTiEStOWai'Sf^JftWL. I hereby state that I have reviewed and understand the contents of 

f*f$*-^!# Lt^oCit^ClCS^Lit. ie above identified specification, including the claims, as 

amended by any amendment referred to above. 



i!flSJ£lW/£»$ft 3 7 1 4k 5 fi ?!i:SS$hi i I acknowledge the duty to disclose information which is material to 
»^£f£<7)-fV «KIo^t"fi3c^flf ^M^rRS'P+oiSfi^A* patentability a* defined in Title 37, Code of Federal Regulations, 
.3> £ - > * x , Section 1.S6. 



P.pr l of 4 

3iird«n Hour SiKtemenr This form is «*cinM(ed m tnk< 0 4 hour* to «.ompl«:t«. Time vary depending upon th« nceJi of dw individual caaa. Any cumnwrti on the 
nmoon* ot tim* you *r« required fo complete- (hi* t«*rm should b< wot to th«s Chtet' Information Ofttcer. Patent and Trademark Office, Washington. DC 2023 I . DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO Ommi^moer of P«(«nt* «nd Trademarks. Waduntfton. DC 20231- 



PTO/Sa/106{8-96) 
Approved for u*« througn 9/3GS6. OMB 0^1-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwcrk Reduction Act of 1995. no pefsons are required to respond to a confection of information unless '< dap/ays a vartd QMS control number 



Japanese Language Declaration 



3 5S1 I 9 5*-{a)-{a)#>::±3 6 5 ^ 
fb) &'<c2£irTac<ri, X: |3 ^ <n £3 (£> r * < ± 1>— 2rf3i«:n1 

3: & m <D Hff £ it! 10 5 rr3r 2 £; :± ^ 91-fT?t7.£> fl-K £jt5 «tf £t 
Tic. ^5r-7-7to;iT*, ^LTV^f, 



Prior Foreign AppHcation(s) 

1 0-1 42631 

{Number) 

(Number) 



Japan 



(Country) 



(Country) 
(IS*) 



m «f M 3c* c ^ ff £ z z £ £ £ v * & L = 1' . 



! hereby claim foreign priority under Title 35, United States Code, 
Section 113 fa|-(d) ex 3€5(b) of any foreign applica<ion{s) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box. any foreign application for patent or inventor's 
certificate, or PCT International zpplicatian having a filing date 
before that 0/ the application on which priority is claimed. 

Priority Not Claimed 



25 May 1998 



(Day/Month/Year Fifed) 
E) 



(Day/Month/Year Filed) 

1 hereby claim the benefit under Title 35, United States Code, 
Section 113(e) of any United States provisional applications) Hsted 
below. 



(Application No.) (Filing Date) 

iK0ttt) (StfB) 

tEnHr&mz 32* $ h, It ft £L ^rl^^^rnf^ t r^o^lr 
£;j^£j3 6 5 ^(cJ^SiXrtfii^C^KI^L^-r. £ 
^^.^c?)^^^iEIg(75^^2J^Sfe^3S3 5»1 1 2 3* 



{Application No.) (Fifing Date) 

(wis**) twas) 

I hereby ciaim the benefit under Title 35, United States Code, 
Section 120 of any United States app4icatiofi(s), or 365(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, Unit«d States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Trtie 37, Code of ?«<i*r*l Regulations, 
Section 1-56 which became avaiiaWe between the filing date of the 
prior application and the national or PCT International filing date of 
application. 



(Application No.) (Friing Oate) (Status: Patented. Pending, Abandoned) 



(Application No ) (Piling Date) (Status: Patented, Pending. Abandonee) 



^a^^-t 1 * V . a»o*JL?)\^L rif£3i£ fitful; £ 

•7; i-f 77 JC J: >} &n £ ru o * > . -rlT-c?)* ^ ^rZ.gtC 1 6 



I hereby declare that all statements made herein of my own 
knowledge are true and that afi statements made on infoTrnation 
and belief are believed to be true; and further that these 
statements were made wrth the knowledge itx^X willful false 
statements and the like so mad* are punishable by fine or 
imprisonment, or both. und*r Section 1001 of Title IS of the 
Umted Sta<es Code and Xh^t such wtilftH fals* statements may 
jeopardize the validity of the appJicatiort or any patent issued 
thereon. 



Page 2 of 4 



PTO/S3/106 (8-96) 
Approved for use through 9/3G798. 0M3 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no person* are required to re spond to a coJtectfon of (reformation untes* * display* a vatid OM8 eontroi nemo*-. 

Japanese Language Declaration 

(B*Si:a-») 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith (list namm and registration nttmb+f) 



James D. Haisey, Jr., 22,729; Harry John Staas, 22,010; David M. Pitcher, 25,908; John C. Garvey, 28,607; J. Randall Beckers, 30,358; 
William F. Herbert, 31,024; Richard A. Golihofer, 31,106; Mark J. Henry, 36,162; Gene M. Garner II, 34,172; Michael D. Stein, 37,240; Paul 
I. Kravetz, 35,230; Gerald P. Joyce, III, 37,648; Todd E. Mariette, 35,269; Harlan B. Williams, Jr., 34,756; George N. Stevens, 36,938; 
Michael C. Soldner, P-41,455 and William M. Schertler, 35,348 (agent) 

2f .SicM" a: Send Correspondence to: 



STAAS & HALSEY 

700 Eleventh Street, N.W. 

Suite 500 

Washington, D.C. 2 0001 



Direct Telephone Calls to: (mm« and t ate prion* numtsmr) 



STAAS & HALSEY 
(202) 434-1500 





Full name of sole or first inventor 

Yoshitaka Shimura 




lnventc^SLS*gnature . % A , 4 Date 

v' yfrJA$l$JlAju wAimMA&u September 28, 




Residence ' 1 998 

Kawasaki-shi, Japan 




Citizenship 

Japanese 




Post Office Address 

C/O FUJITSU LIMITED, 1-1, Kamikodanaka 




4-chome, Nakahara-ku, Kawasaki-shi , 




Kanagawa 211-8588 Japan 




FuU name of second joint inventor, jf any 

Motoyoshi Sekiya 




Second inventor's signature . Date 

/fo^ftw^ ^m^^ September 28, 




Residence 1 998 

Kawasaki-shi, Japan 




^uttzenship 

Japanese 




Post Office Address 

C/O FUJITSU LIMITED, 1-1, Kamikodanaka 




4-chome, Nakahara-ku, Kawasaki-shi, 




Kanaqawa 211-8588 Japan 



(2R^.iaP»OJfc(pI5l91 -fr f- <H *T t&l&lZiZX. L , £"f (Supply similar information and signature for third and subsequent 

o — £ ) joint inventors.) 



Pa*[* 3 of 4 





IB* 




Full name of third joint inventor, if any 
Keisuke Iirai 




mm 




Third inventor's signature Date 

UeL^U ^^ouu September 28, 1998 








Res i dence 

Kawasaki-shi, Japan 


g fg Citizenship 

Japanese 








Post Office Address 

C/O FUJITSU LIMITED, 1-1, Kamikodanaka 


4-chome, Nakahara-ku, Kawasaki-shi, 
Ksnaoawa 51 1- RRftft .Tapan 




mm 




Full name of fourth joint inventor, if any 




mm 




Fourth inventor's signature Date 








Residence 


g gg Citizenship 








Post Office Address 








mm 




Full name of fifth joint inventor, if any 




mm 


aft 


Fifth inventor's signature Date 








Residence 


g f§ Citizenship 


&»*& 






Post Office Address 






mm 




Full name of sixth joint inventor, if any 




%wm 




Sixth inventor's signature Date 


&. Bff 






Residence 


g Jj Citizenship 








Post Office Address 




IS© L 




:i) 


(Supply similar information and signature for 
seventh and subsequent joint inventors.) 



Page 4 of 4 



